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Abstract 48 
Globally, extensive marine areas important for biodiversity conservation and ecosystem functioning 49 
are undergoing rapid exploitation of oil and natural gas resources, expanding to previously 50 
inaccessible deeper waters and other frontier regions. Marine fossil fuel operations hold massive 51 
economic value. Here, we outline conservation challenges and prospects resulting from the marine 52 
hydrocarbon industry, providing past and current examples from areas such as the Gulf of Mexico, 53 
the Mediterranean and elsewhere. We propose that the conservation science community should 54 
quickly respond to the surge in the offshore hydrocarbon industry. A prompt response may mitigate 55 
impacts of future decisions and actions of the industry and governments, potentially alleviating risks 56 
to marine biodiversity, including the understudied deep-sea. This response should consider how to 57 
leverage opportunities and reduce risks resulting from ongoing and planned hydrocarbon operations 58 
towards more effective biodiversity conservation, legislation and science. Recent environmental 59 
decision support tools can help explicitly incorporate threats to biodiversity, allowing better trade 60 
offs among multiple conservation objectives, risks and costs.  61 
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Emerging and current offshore hydrocarbon operations 62 
The majority of undiscovered hydrocarbon reserves and unexploited fossil fuels outside the Middle 63 
East are located in deep sea offshore deposits in waters as far deep as 4,000 meters (Ahlbrandt et al. 64 
2003). While the vast depths of many of these deposits have previously prevented commercial 65 
exploitation, recent technological advances now enable the oil and natural gas industry to venture 66 
into increasingly deeper waters and other new frontiers (IEA 2013; Pinder 2001; Merrie et al. 67 
2014). Since 2009, a third of the global oil production and a fourth of natural gas production 68 
originated from offshore platforms (Maddahi & Mortazavi 2011). This proportion is expected to 69 
increase (IEA 2013). In fact, offshore areas provided nearly 70% of the major oil and gas 70 
discoveries worldwide in the first decade of the 21st century (Sandrea & Sandrea 2010). Deep-water 71 
capital expenditure is expected to grow by ~130% between 2014 and 2018 compared to the 72 
preceding five-year period, totaling $260 billion globally (Rangi 2014). While steps are being taken 73 
to encourage alternative renewable energy sources, there are strong financial incentives to search 74 
for marine oil and gas and to lease large marine regions. 75 
The environmental threats posed by offshore oil and natural gas operations draw much 76 
public and media attention. This is especially evident following major oil spills, such as the 2009 77 
Montara well blow-out in the Timor Sea off Australia and the 2010 BP Deepwater Horizon oil spill 78 
in the Gulf of Mexico (where over 150 million gallons spilled from a depth of ~1500 m over 87 79 
days, polluting vast marine areas, including beaches and wetlands; Norse & Amos 2010; Montagna 80 
et al. 2013; Fisher et al. 2014). Earlier spills, such as the 1989 Exxon Valdez tanker accident in the 81 
Gulf of Alaska and the extensive oil spills during the 1990-1991 Persian Gulf War (~240 million 82 
gallons; Etkin 1999), also drew wide public attention (~11 million gallons spilled). These well-83 
publicized spills, however, comprise just a portion of the environmental risks and impacts on 84 
marine and coastal ecosystems from oil and gas exploration, development, production, transport and 85 
abandonment (Fig. 1). 86 
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Nevertheless, the impacts of deep-sea offshore activities on biodiversity remain 87 
understudied and our knowledge is often based on relatively few locations (e.g., Smith et al. 2008). 88 
Research gaps in deep-sea ecosystems (below 500 m) are significant (Barbier et al. 2014, Danovaro 89 
et al. 2014, Jobstvogt et al. 2014, Levin et al. 2014, Mengerink et al. 2014), albeit with important 90 
exceptions, such as research on the hydrocarbon-seep chemosynthetic communities in the Gulf of 91 
Mexico (Cordes et al. 2009; Fisher et al. 2007; MacDonald et al. 1989). Major research and practice 92 
gaps also exist regarding the governance and management of the deep sea, as well as related socio-93 
economic factors (van den Hove & Moreau 2007, Barbier et al. 2014). Ecological restoration in the 94 
deep sea remains understudied, and is expected to cost at least 2-3 orders of magnitude more than 95 
the restoration of shallow marine systems (Van Dover et al. 2014). While research in these realms is 96 
technically complex and costly, these knowledge gaps require attention if we are to understand the 97 
responses of deep-sea communities to oil and gas operations and plan accordingly (Barbier et al. 98 
2014; Fisher et al. 2014; Mengerink et al. 2014). 99 
Offshore hydrocarbon operations: challenges for conservation 100 
The environmental impacts of routine offshore hydrocarbon exploitation activities include a wide 101 
range of potential risks and impacts on biodiversity and ecosystems in marine and coastal systems. 102 
These can occur at the exploration, development, production, transport or well-abandonment 103 
phases. Each threat must be explicitly accounted for in future marine conservation plans and 104 
decisions. We present the phases of marine hydrocarbon operations, with examples of associated 105 
conservation challenges. 106 
Exploration 107 
During exploration, marine environments that previously had minimal human impact become 108 
exposed to a range of activities, such as seismic surveys (Gordon et al. 2003; Richardson & Würsig 109 
1997), exploration drilling and associated cutting piles (Benn et al. 2010). Exploration drillings are 110 
a risky part of the operations and major accidents, such as the 2010 BP Gulf of Mexico disaster (see 111 
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below), have occurred during this phase. Noise caused by seismic operations can lead to stress, 112 
evasive and stranding behavior in marine mammals, turtles, fish and cephalopods (Fewtrell & 113 
McCauley 2012; McCauley et al. 2000; McCauley et al. 2003). Various technological advances aim 114 
to address these threats, such as the use of bubble curtains for noise reduction (Kuo & Fulton 2013). 115 
The UK’s Joint Nature Conservation Committee (JNCC) guidelines for minimizing acoustic 116 
disturbance of marine mammals by the oil and gas industry’s seismic surveys provide a basis for 117 
other international noise pollution mitigation measures during seismic surveys 118 
(http://jncc.defra.gov.uk/pdf/JNCC_Guidelines_Seismic%20Guidelines_Aug%202010.pdf).  119 
Construction, extraction and transport: Oil spills and gas leaks  120 
Oil spills and natural gas leaks occur at various stages of the operations. Chemicals and oil are 121 
routinely discharged during the drilling and production stages from drilling muds and produced 122 
water and can be collocated with oil and, to a lesser extent, with gas. Produced formation water 123 
(water associated with oil in the reservoir) is considered the largest pollution source after accidents, 124 
and the total volume discharged annually has been estimated at 7500–11,500 tons (Holdway 2002). 125 
Cuttings released during drilling operations are normally considered a local effect, restricted to a 126 
zone within 100 m of the discharge (Neff 2010), yet can contaminate sediments and surface waters 127 
and their spatial impact can increase with water depth. This may, in turn, lead to biological effects, 128 
such as smothering and mortality of epibenthic species and ecological changes to the benthos (Ellis 129 
et al. 2012). Oil sheens from currently admissible concentrations of hydrocarbons on the water 130 
surface have been shown to damage seabird feathers (O’Hara & Morandin 2010), leading to 131 
mortality and reduction in breeding success (Wiese et al. 2001).  132 
Large oil spills are a major threat to biodiversity and a range of studies have examined their 133 
impacts (e.g., Kingston 2002; Mendelssohn et al. 2012; White et al. 2012; Barron 2012). Spills 134 
affect many marine species and can have long-term consequences for coastal habitats (Peterson et 135 
al., 2003), impacting areas far from the spill source, with oil being carried by winds and sea currents 136 
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(e.g., Goldman et al. 2014). In 2000, oil released from the sinking tanker MV Treasure near Robben 137 
and Dassen Islands of the South African Cape affected  >17,000 endemic and endangered African 138 
penguins (Spheniscus demersus), leading to a costly international rescue effort estimated at US$100 139 
for each successfully treated released bird (Whittington, 2003; BirdLife International 2013). 140 
Biodiversity impacts include mortality following an oil spill event (e.g., ~250,000 seabird deaths 141 
from the 1989 Exxon Valdex oil spill) and chronic exposure to sediment pollution can also impact 142 
natural populations for years following the event (Peterson et al. 2003). Current oil-spill models are 143 
insufficient and too little is known about the ecological and socioeconomic impacts of spills to fully 144 
support accurate risk assessments for many marine habitats and species (Peterson et al. 2012). 145 
The 2010 BP/Deepwater Horizon Oil and Gas Disaster  146 
The 2010 BP/Deepwater Horizon oil spill and gas disaster in the Gulf of Mexico persisted for 147 
months and affected biodiversity throughout the water column. It negatively impacted marine 148 
animals, plants (Barron 2012), deep-water coral assemblages (Fisher et al. 2014), deep-water 149 
ecosystems, and coastal habitats (beaches, marshes, wetlands, estuaries; Mendelssohn et al. 2012; 150 
White et al. 2012; Montagna et al. 2013). Since knowledge of deep-ocean ecosystems in the Gulf 151 
was limited at the time of the spill, there was limited baseline information for measuring impacts 152 
and building real time restoration plans (Norse & Amos 2010). Indeed, company-reported incidents 153 
(such as blowouts, fires, injuries, pollution) tend to increase with offshore platform water depth 154 
(Muehlenbachs et al. 2013). Deep-water drilling is technological challenging and associated failures 155 
can be complex to fix (National Commission 2011). The well drilled at the time of the 156 
BP/Deepwater Horizon disaster began at 1,600 m depth. One of the deepest offshore well 157 
operations currently in progress starts at ca 2,900 m (Shell Oil’s Gulf of Mexico Stones), and 158 
drilling operations are reaching for greater depths, requiring the development of additional safety 159 
indicators for all operation phases (Skogdalen et al. 2011). 160 
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The recovery of degraded marine ecosystems from vast oil spills may occur naturally over 161 
time or may require active restoration efforts. While parts of the system may recover within years 162 
(Kingston 2002), more complete recovery may take decades (Borja et al. 2010) or longer. 163 
Subsurface oil from the Exxon Valdez tanker spill, for example, persisted for at least 16 years 164 
(Peterson et al. 2003; Short et al. 2007). Recovery rates in the deep sea may be on the scale of 165 
centuries based on the slow rates of metabolic activity, growth and reproduction found there 166 
(Montagna et al. 2013).  167 
Secondary effects 168 
Gas and oil operations also have multiple secondary effects. Gas leaks from drilling operations over 169 
the lifecycle of a well have been estimated to account for 1.7–7.9% (Howarth et al. 2011) of 170 
greenhouse gas methane (CH4) emissions to the atmosphere globally (Alvarez et al. 2012; Tollefson 171 
2012). They can potentially create anoxic zones in the ocean (Alvarez et al. 2012; EPA 2010). 172 
Installation structures and seabed pipelines, shipping traffic and transportation associated with the 173 
hydrocarbon industry present pathways for invasive species by ballast water, biofouling organisms, 174 
sediment transfer and the creation of stepping stones for alien species along linear infrastructure 175 
developments (Rivas et al. 2010). Some of these pathways are being dealt with in international 176 
treaties and regulations (e.g., the Ballast Water Management Convention, adopted by the 177 
International Maritime Organization in 2004).  178 
New infrastructure within the marine environment also poses challenges for marine 179 
conservation planning. Linear features that run perpendicular to the shore into deep waters (e.g., 180 
pipelines), can be difficult to plan and zone around. The risks that these pipelines (buried or 181 
unburied) pose to biodiversity are largely understudied and deserve further attention. Offshore 182 
operations are also associated with new infrastructure on land (e.g., transportation, storage and 183 
refinement; O'Rourke & Connolly 2003), potentially impacting to coastal and terrestrial 184 
ecosystems. The risks of deserted wells to marine and coastal ecosystems and their implications for 185 
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conservation are another relatively understudied topic (Jackson, 2014). These indirect impacts 186 
require further specialized conservation research. 187 
Gas hydrates as a future issue 188 
In addition to oil and gas, natural gas hydrates represent a hydrocarbon that will likely be further 189 
exploited in the near future. Methane hydrate is a highly concentrated, naturally-occurring frozen 190 
compound, which is formed when water and methane combine at moderate pressure and relatively 191 
low temperature conditions (Ruppel, 2011). It is estimated that gas hydrates (onshore and offshore) 192 
comprise about half of the world’s organic carbon sources (Collet et al., 2009). Present mapping of 193 
gas hydrates reveals that they exist along the ocean margins worldwide, and projects are being led 194 
by the hydrocarbon industry to develop new technologies that will allow economical production in 195 
the future (Collet et al., 2009; Ruppel, 2011; Ruppel et al., 2011). While such production of gas 196 
hydrates has not yet begun, it represents a challenge and a potential threat that is yet to be 197 
understood (Sloan, 2003). Indeed, concern about the destabilization of methane hydrates due to 198 
increases in the temperature of bottom waters can also enhance global warming and cause 199 
widespread regional ocean deoxygenation (Sutherland et al., 2012). 200 
Hydrocarbons, international conflict potential and conservation 201 
Oil and gas discoveries motivate countries to focus attention on frontier areas. Operations are 202 
expanding rapidly into sensitive and unique marine habitats, such as the Arctic, West Africa, and 203 
the enclosed Mediterranean Sea (Fig. 2; SI 1, 2). Discoveries of exploitable hydrocarbon reservoirs 204 
have motivated some nations to declare their exclusive economic zones and extend their continental 205 
shelf claims (see Table 1 for definitions). This recent momentum can be observed, for example, in 206 
South Africa (Sink and Attwood, 2008) and the Eastern Mediterranean (see SI 1). However, in spite 207 
of the fact that fossil fuel operations are already underway, most Mediterranean countries have not 208 
yet declared their EEZ (Fig. 2a, SI 1; see also Katsanevakis et al. 2015).  209 
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Hydrocarbon discoveries in deep waters can be a catalyst for international conflicts and 210 
boundary disputes (Naylor 2011; Khadduri 2012). Cross-boundary coordination (Kark et al. 2009, 211 
2015) is required in order to help develop joint conservation and/or management plans aiming to 212 
minimize large-scale negative impacts of hydrocarbon operations on biodiversity (Mazor et al. 213 
2013, 2014) in deep waters, particularly in areas beyond national jurisdiction (Mengerink et al., 214 
2014). This is particularly challenging where long-lasting economic and/or political disputes occur 215 
(Levin et al. 2013). Interestingly, maritime jurisdiction interests can also incentivize countries to 216 
establish large marine protected areas so as to assert their ownership of the area, as in the case of the 217 
Chagos (De Santo et al. 2011). 218 
Legal and political framework 219 
Countries experienced with the offshore hydrocarbon industry (e.g., OSPAR Convention members 220 
in Europe, USA, Australia) have put in place laws and regulations aimed at reducing the industry’s 221 
likelihood of harming ecosystems and susceptible biodiversity (OSPAR 2009). However, even in 222 
these nations, the regulations, technology and practices related to containing and cleaning up spills 223 
are lagging behind the risks associated with deep-water drilling (National Commission, 2011). Deep 224 
sea enforcement and monitoring are often inadequate (UNEP 2007) and a significant number of 225 
environmental statements fall short of “satisfactory quality” (Barker and Jones, 2013). In many 226 
cases, specific hydrocarbon operation legalisation is absent, particularly in areas such as High Seas 227 
(Table 1), where governance and regulations are lacking (Van Dover 2011). According to the World 228 
Bank, the majority of developing countries have limited environmental regulations and where they 229 
exist, they are often not effectively enforced (Alba 2010). This is especially relevant in regions 230 
where political strife and security threats focus attention. Ecological concerns are too rarely the top 231 
priority of governments, including some OECD (Organization for Economic Cooperation and 232 
Development) countries, where one could expect rigorous standards to be enforced. 233 
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Politics continue playing a major role in the future of marine conservation in areas beyond 234 
territorial waters. The key players that have sovereignty in the oceans directly, through international 235 
conventions or regulatory bodies, are nations. However, this responsibility is complex. While 236 
countries are primarily those responsible for conservation, governments face many other immediate 237 
pressures other than conservation (Korngold 2014). Maritime boundaries are often determined by 238 
politics rather than ecological factors and their jurisdiction is often incompatible with the scale of 239 
the conservation challenges faced. Furthermore, most leaders are not in office long enough to 240 
establish, implement or take ownership of ecosystem management issues that may require longer-241 
term planning (Korngold 2014). 242 
Deep-sea drilling often takes place in areas beyond territorial waters (Table 1), which are 243 
not fully covered by standard national environmental regulations or monitoring programs. As 244 
proposed by Barbier et al. (2014) and Gobin and Gustavo da Fonseca (2014), coordination between 245 
the multiple organizations and initiatives aimed at regulating activities such as oil, gas, shipping, 246 
fishing and trawling should be a priority for managing environmental threats in areas beyond 247 
national jurisdiction. This could be done under international environmental law and the UN 248 
Convention on the Law of the Sea (UNCLOS; Table 1) to provide better oceans governance (Gobin 249 
and da Fonseca 2014) and instruments such as binding dispute-resolution mechanisms (Boyle 250 
1999). As such, UNCLOS and other international agreements constitute an important pillar in 251 
nations’ obligation to protect the marine environment. However, just as other constitutions, 252 
UNCLOS and the CBD (Table 1) need to be concretized and implemented (via national laws, 253 
regional protection systems or by empowering of international organization). Regional treaties (e.g., 254 
the Barcelona Convention of the Mediterranean and OSPAR: the Oslo and Paris Conventions for 255 
the Protection of the Marine Environment of the North-East Atlantic) further elaborate on the 256 
nations’ responsibilities to protect the marine realm. However, not all countries have yet established 257 
the necessary laws and regulations to comply with these international treaties. 258 
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Multinational extractive companies often work across international boundaries and markets, 259 
must respond to global stakeholders, and must consider time horizons as long as 40-50 years in 260 
order to recoup their investment. As such, global corporations with their international scope, 261 
resources, marketplace incentives and global workforces (Korngold 2014), can play a key role in 262 
the success or failure of cross-boundary management plans for protecting marine biodiversity. 263 
Corporate self-interests should align with at least some of the strategies required to tackle the very 264 
environmental problems brought about by their own industry. They share with the conservation 265 
community the aim of avoiding disasters, while motivations for doing so may be quite different. 266 
This may lead to successful joint initiatives (see examples in S3), and can potentially be leveraged 267 
by the conservation community early in the policy-shaping and operation-planning process. 268 
What are the emerging prospects that could be leveraged for conservation? 269 
With mounting offshore operations, including in deep-waters (Ramirez-Llodra et al. 2011), 270 
conservation scientists and practitioners need to urgently consider the possible prospects that could 271 
be leveraged for conservation. 272 
Environmental research and marine oil and gas extraction 273 
As marine hydrocarbon exploration is speedily progressing, there is need to clearly map threatened 274 
deep-sea ecosystems for which major basic knowledge gaps currently exist (Davies et al. 2007; 275 
Ramirez-Llodra et al. 2010). Because conservation resources are limited, a lag occurs between the 276 
start of hydrocarbon exploration and attaining the much-needed scientific information required for 277 
conservation planning and actions. Deep-ocean research involves costly technological inventions 278 
and operational challenges required to reach the vast three-dimensional extent of this system 279 
(Danovaro et al. 2014; Ban et al. 2014; Barbier et al. 2014). Facilities for deep/ultra-deep industry 280 
operations should be further leveraged to provide an in-situ scientific base for deep-sea 281 
conservation research and monitoring by supporting and allowing scientists access to data, 282 
infrastructure and equipment that will advance deep-sea environmental and conservation research. 283 
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Recent years have seen discoveries in deep-sea ecology via technological advancements 284 
such as submersibles, the development of remotely operated underwater vehicles (ROVs), fiber 285 
optic communications, new imaging tools, novel molecular technologies, sensors and in 286 
situ technologies (Danovaro et al. 2014, Barbier et al. 2014). Discoveries made possible with such 287 
advancements indicate that the deep-sea harbors many diversified assemblages (Snelgrove & Smith 288 
2002) and provides unique refuge habitats such as canyons, seamounts, cold-seeps and 289 
hydrothermal vents for a range of marine species, such as cold-water corals, fish (Ramirez-Llodra et 290 
al. 2010) cephalopods (e.g., giant Architeuthis squid; Landman et al. 2004 and octopuses (Boyle & 291 
Daly 2000; Voight 2000) and many more. Research suggests that deep-sea ecosystems are critical 292 
for global ocean functioning (Danovaro et al. 2008; Loreau 2008; Cerrano et al. 2010). Recent 293 
efforts are being undertaken to fill knowledge gaps (Danovaro et al. 2014), including the Census of 294 
Marine Life and EU projects (HERMIONE, HERMES), aiming to understand how deep-sea 295 
biodiversity supports ecosystem functioning.  296 
The deep sea encompasses one the most extensive ecosystems globally and represents the 297 
largest biomass reservoir (Danovaro et al. 2008; http://www.eu-hermione.net/science/slopes-and-298 
basins). While most marine species remain undescribed (Costello et al. 2010) increasing knowledge 299 
is uncovering deep-sea habitats with complex geosphere-biosphere and ecological interactions, 300 
highlighting the importance of chemosynthetic production in fueling biodiversity (Danovaro et al. 301 
2014). Such findings challenge previous paradigms of the deep sea as being food-poor and 302 
metabolically inactive, suggesting the deep-sea is an important component in global carbon cycles 303 
(Danovaro et al. 2014). Biodiversity loss in deep-sea ecosystems may lead to an exponential 304 
reduction of deep-sea ecosystem functioning (Danovaro et al. 2008), affecting mutualistic 305 
interactions (Loreau 2008).  306 
 307 
 308 
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De facto no take zones, conservation monitoring and enforcement efforts 309 
Existing and planned offshore hydrocarbon facilities could be leveraged against other biodiversity 310 
threats by exclusion (e.g., restriction of fishing and commercial shipping activities from the vicinity 311 
of drilling platforms). The International Maritime Organization (IMO 2013) suggests a safety zone 312 
of 500 m around drilling platforms and safety distances can be larger where security is an issue. If 313 
such areas are managed in collaboration with conservation authorities and distances are increased, 314 
off-limits zones could present opportunities for larval recruitment and increased biomass, as has 315 
been demonstrated for no-take marine protected areas (Lester et al., 2009). Offshore platforms may 316 
locally enhance recruitment and reproduction of rare or endangered species beneficial for some fish 317 
species (Consoli et al. 2013), algae and corals (e.g., Lophelia pertusa growing on oil platforms in 318 
the North Sea and Gulf of Mexico; Davies et al. 2007). However, offshore platforms may also 319 
attract invasive alien species, and once invasives are present on offshore platforms, there are 320 
additional management and policy consequences at the decommissioning stage of these platforms 321 
(Page et al., 2006).  322 
Due to the chronic and potentially catastrophic environmental impacts associated with 323 
offshore hydrocarbon operations, governments should consider collecting funds from the industry to 324 
be designated specifically for conservation activities (Armstrong, 2014). For example, the impact of 325 
platforms should be further examined, potentially by establishing independent research grant 326 
schemes. Potential contribution of the industry to biodiversity/ecosystems monitoring should also 327 
be considered (see SI 3). 328 
Increasing awareness for large-scale marine conservation and spatial planning  329 
Concerns about the impacts of marine oil and gas operations can incentivize marine spatial planning 330 
initiatives and conservation efforts. For example, establishment of the Australian Great Barrier Reef 331 
(GBR) Marine Park Authority (1975) was partly driven over concerns about oil drilling 332 
(Ruckelshaus et al. 2008). In 1994, a long-term strategic plan for managing and preserving the GBR 333 
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World Heritage Area was established (Fernandes et al. 2005), with a new long-term Sustainability 334 
Plan published in 2015 (http://www.canberraiq.com.au/downloads/2015-1-19-1.pdf). While the 335 
GBR provides one of the largest and most exemplary conservation zoning plans globally (Agardy 336 
2010), it too faces major challenges related to the hydrocarbon industry, such as oil spills (e.g., the 337 
2010 spill from the bulk coal carrier MV Shen Neng 1), and threats from a wide range of ports, 338 
shipping, current and planned dredging activities and the dumping of dredge spoil (excess material) 339 
within and near the Marine Park (Grech et al. 2013). 340 
Collaboration conflicts and opportunities 341 
Conservationists are often reluctant to collaborate with gas and oil enterprises; however such 342 
collaboration is not rare and has been developed in various cases (Flemming & McCall 2000), as 343 
detailed in SI 3. Mutually beneficial agreements can be reached with the relevant factors weighted 344 
and taken into account. For example, the Energy and Biodiversity Initiative (EBI) was formed by 345 
energy companies (BP, ChevronTexaco, Shell, Statoil) and conservation organizations 346 
(Conservation International, The Nature Conservation, Fauna & Flora International, Smithsonian 347 
Institute, IUCN), aiming to develop and promote biodiversity conservation practices, and operated 348 
between 2001-2007. The partnership has produced practical guidelines, tools and models aimed to 349 
improve the environmental performance of energy operations, minimize harm to biodiversity, and 350 
create opportunities for conservation where oil and gas resources are developed (Tully 2004; SI 3).  351 
It has long been recognized that partnerships formed between governments and the industry 352 
can enhance oil spill response. Efforts have been put in place over the past 25 years to enable cross-353 
boundary response. The International Convention on Oil Pollution Preparedness, Response and Co-354 
operation (1990) defines avenues for collaboration between national authorities and the oil and 355 
shipping industries to unify response efforts (Moller et al. 2003). The global initiative, launched in 356 
1996, provides an oil spill preparedness and response programme for cooperation between 357 
governments and the industry. It is implemented by the International Maritime Organization, a UN 358 
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specialized agency and IPIECA (International Petroleum Industry Environmental Conservation 359 
Association; Taylor et al. 2011). In 2013, the Arctic Council (Canada, Denmark, Finland, Iceland, 360 
Norway, Russia, Sweden, US) signed an agreement on Cooperation on Marine Oil Pollution 361 
Preparedness and Response in the Arctic (http://www.arctic-council.org/eppr/agreement-on-362 
cooperation-on-marine-oil-pollution-preparedness-and-response-in-the-arctic/). Such emerging 363 
platforms can potentially provide an important space for conservationists to become involved and 364 
advance actions emphasizing conservation needs and goals. 365 
Legislation changes drivers 366 
In places where the marine hydrocarbon industry is new and fast progressing, there should be a 367 
strong driver for public discussion that can prompt further action by legislators and regulators in a 368 
conservation context. The magnitude of damage from several recent oil spills should increase both 369 
scientific and public discussion in regions that until now were far from public attention. Subjects 370 
such as deep-sea operations, high seas/open sea marine conservation strategies and protected areas, 371 
cross-boundary marine parks, the need to update laws and regulations to cover ecosystem risks that 372 
the industry poses, corporate responsibility issues, and the potential to include conservation plans 373 
and actions in hydrocarbon operations should become a greater part of conservation science 374 
discourse. 375 
In the case of frontier activities (e.g., deep-sea drilling), anachronistic legislation, along with 376 
spatial jurisdiction ambiguity, may result in “regulatory capture”, with regulatory agencies favoring 377 
the hydrocarbon industry at the expense of environmental protection, precaution or conservation 378 
(Portman 2014). The conservation community and scientists therefore have an important role in 379 
explicitly raising the conservation agenda at early stages in discussion tables, taking part in shaping 380 
plans and eventually conservation outcomes of actions (or inactions) in the deep-sea. 381 
The natural gas industry is sometimes supported by environmentalists arguing that it 382 
provides efficient and less polluting natural gas substitutes to other fossil fuels (e.g., coal) (Gagnon 383 
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et al. 2002). In the marine environment, liquid petroleum seeps usually have a longer-term presence 384 
than gas seeps as gases are more quickly assimilated into the surrounding water or more rapidly lost 385 
to the atmosphere (Kvenvolden & Cooper 2003). Marine transport of liquefied natural gas is 386 
expected to be safer as its leakage from ships is less probable (Pitblado et al. 2005). Nevertheless, 387 
while offshore natural gas reserves may be environmentally compelling compared with oil, they too 388 
pose challenges for conservation. Methane leaks during production are larger than previously 389 
known, contributing to greenhouse gas emissions (Alvarez et al. 2012; Tollefson 2012). Therefore, 390 
further discussion within the conservation community around the relative impacts of different 391 
energy sources is important. 392 
Conservation prioritization in the face of emerging threats 393 
Micheli et al. (2013) examined the spatial overlap between conservation priority areas as defined in 394 
multiple conservation schemes proposed for the Mediterranean Sea (Fig. 2d). Only two of the 12 395 
conservation proposals explicitly took into account oil or gas activity areas. These priority areas 396 
show substantial overlap of ~130,000 km2 between the hydrocarbon exploration/exploitation 397 
concession areas in the Mediterranean. Future conservation planning efforts should explicitly 398 
incorporate hydrocarbon industry infrastructure and threats. Such information can be included in 399 
conservation planning using a range of conceptual and practical approaches. For example, it could 400 
be incorporated as an “insurance factor” (Allison et al. 2003), identifying the optimal inter-reserve 401 
distance necessary to minimize the risk that several reserves will be impacted by a single oil spill 402 
(Wagner et al. 2007), as well as by explicitly including threats using spatial prioritization software 403 
(Game et al. 2008). Recently developed decision support tools (e.g., Marxan with Probability) allow 404 
us to explicitly incorporate threats (e.g., probability of extinction due to oil spills), multiple 405 
objectives (e.g., Marxan with Zones; Watts et al. 2009) and trade-offs (Mazor et al. 2014). 406 
The wheels are turning…the risks in the prospects 407 
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The primary motivations of the hydrocarbon industry and of conservationists rarely overlap. The 408 
industry’s main goal is to provide energy sources and be profitable, while conservationists often 409 
aim to maintain and restore native, threatened and representative biodiversity and reduce risks to 410 
long-term ecosystem functioning and services. No industry player, however, wants bad public 411 
relations and to bear the cost of tremendously expensive implications of an oil or gas disaster as a 412 
result of its operations, which presents a common ground for discussion. Corporate industrial 413 
activities and corporate responsibility must thus lead to an incentive to move from a profit-oriented 414 
traditional management paradigm to one which aims is to minimize the environmental impact 415 
(Shrivastava 1995). In practice, the offshore oil and natural gas industry, supported by governments 416 
and large businesses, is effectively moving ahead with or without the conservation community’s 417 
involvement. Therefore, conservationists may have little choice but to respond and act quickly, 418 
aiming to introduce conservation considerations into spatial plans as early as possible to minimize 419 
potential harms, and leveraging opportunities for conservation actions that arise. This includes 420 
arguing for the urgent need for new biodiversity conservation, planning and monitoring funds and 421 
environmental offsetting schemes as a crucial part of the multi-billion dollar hydrocarbon 422 
operations in the seas and oceans, and clearly demonstrating to the fossil fuel industry that taking 423 
costly steps and actions in the short-term may help prevent potentially far more costly fines and 424 
negative impacts to biodiversity/ecosystems in the long term. The conservation community, 425 
including scientists, should feel incentivized to intervene and become involved at the earliest 426 
planning and exploration phases and throughout operations to influence practical decision-making 427 
and promote continuous monitoring of the status of biodiversity and ecosystems. Experience and 428 
especially successful strategies from around the world should be shared across the global 429 
conservation community. Transparent and productive long-term relationships can also help industry 430 
players become more aware of the risks and implications of their operations on biodiversity. This 431 
may eventually lead to changes in industry operations that will help prevent, minimize and address 432 
future threats (SI 3) (Esty & Winston 2009). 433 
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There are risks involved in cooperating with the oil and natural gas industry, resulting from 434 
the inherent difference in the objectives that motivate the hydrocarbon industry vs. the conservation 435 
or scientific communities. Collaboration may lead to delays in conservation action. It may lack 436 
transparency due to agendas of industry stakeholders, handling of proprietary information, and a 437 
lack of trust across the communities. This may lead to further conservation delays, added costs and 438 
further threats to biodiversity and ecosystems. Therefore, the discussion of when, where, how and to 439 
what extent conservationists will collaborate with the hydrocarbon industry remains to be weighed 440 
and determined for each case, region and point in time. This discussion, however, must be an 441 
explicit part of conservation planning and strategic conservation decisions and actions. 442 
The implications of fossil fuel operations to conservation provide an important area for 443 
future research and inter-disciplinary collaborations. Advancements in the science of oil spill 444 
modeling (Ji et al. 2011) allow scientists to better estimate the risk of oil spills for marine and 445 
coastal areas. However, there are important gaps in our understanding of deep-sea currents, their 446 
spatial and temporal patterns and interactions with various chemical components of oil and gas 447 
discharges, as well as the consequential biodiversity impacts and required actions and restoration 448 
following spills. An important future direction should be to develop collaborative research between 449 
marine hydro-geophysicists, ecologists and conservation experts, which may provide a better 450 
foundation for predicting the impacts of spills and recognizing actions to best mitigate threats to 451 
biodiversity (e.g., Goldman et al. 2014). Future work would benefit from further exploring how to 452 
better incorporate ongoing hydrocarbon operations into spatial conservation planning and how the 453 
fossil fuel industry can better incorporate conservation needs, including in deep-sea and frontier 454 
regions. 455 
 456 
 457 
 458 
Kark et al.                                        Conservation Biology Reviews 
20 
 
Acknowledgements 459 
We thank Johanna Polsenberg for her comments and contribution to SI3, Erik Cordes and five 460 
anonymous reviewers for their helpful comments, and the 2nd International Workshop on 461 
Advancing Conservation Planning in the Mediterranean Sea’ 462 
(http://karkgroup.org/index/workshops/2nd-international-workshop/) participants for fruitful 463 
discussion. 464 
 465 
References 466 
Agardy, T. 2010. Ocean zoning: making marine management more effective. Earthscan. 467 
Ahlbrandt, T. S., et al. 2003. USGS World Petroleum Assessment 2000. USGS Fact Sheet FS–468 
062–03. 469 
Alba, E. M. 2010. Environmental Governance in Oil-Producing Developing Countries: Findings 470 
from a Survey of 32 Countries (#18285). Extractive Industries for Development Series #17. 471 
The World Bank. 472 
Allison, G. W., et al. 2003. Ensuring persistence of marine reserves: catastrophes require adopting 473 
an insurance factor. Ecological Applications 13:8-24. 474 
Alvarez, R. A., et al. 2012. Greater focus needed on methane leakage from natural gas 475 
infrastructure. Proceedings of the National Academy of Sciences 109:6435-6440. 476 
Armstrong, C. 2014. Sovereign wealth funds and global justice. Ethics and International Affairs, 477 
Forthcoming. SSRN:http://ssrn.com/abstract=2435827. 478 
Asch, K. 2003. The 1:5 Million International Geological Map of Europe and Adjacent Areas: 479 
Development and Implementation of a GIS-enabled Concept. Schweitzerbart Stuttgart. 480 
Ban, N.C., et al. 2014. Systematic Conservation Planning: A Better Recipe for Managing the High 481 
Seas for Biodiversity Conservation and Sustainable Use. Conservation Letters 7:41-54. 482 
Barbier, E., et al. 2014. Protect the deep sea. Nature, 505:475-477. 483 
Kark et al.                                        Conservation Biology Reviews 
21 
 
Barker, A., and C. Jones. 2013. A critique of the performance of EIA within the offshore oil and 484 
gas sector. Environmental Impact Assessment Review 43:31-39. 485 
Barron, M.G. 2012. Ecological Impacts of the Deepwater Horizon Oil Spill: Implications for 486 
Immunotoxicity. Toxicologic Pathology 40:315-320. 487 
Benn, A.R., et al. 2010. Human activities on the deep seafloor in the North East Atlantic: an 488 
assessment of spatial extent. PloS One, 5(9),e12730. 489 
BirdLife International. 2013. Spheniscus demersus. In: IUCN 2013. IUCN Red List of Threatened 490 
Species. Version 2013.2, www.iucnredlist.org. 491 
Borja, A., et al. 2010. Medium and long-term recovery of estuarine and coastal ecosystems: 492 
patterns, rates and restoration effectiveness. Estuaries and Coasts 33:1249–1260. 493 
Boyle, A.E. 1999. Some reflections on the relationship of treaties and soft law. International and 494 
Comparative Law Quarterly, 48:901-913. 495 
Boyle, P.R., and H.I. Daly. 2000. Fecundity and spawning in a deep-water cirromorph octopus. 496 
Marine Biology 137:317-324. 497 
Cerrano, C., et al. 2010. Gold coral (Savalia savaglia) and gorgonian forests enhance benthic 498 
biodiversity and ecosystem functioning in the mesophotic zone. Biodiversity and 499 
Conservation 19:153-167.  500 
Collett, T.S. 2002. Energy resource potential of natural gas hydrates. AAPG bulletin 86:1971-501 
1992. 502 
Consoli, P., et al. 2013. Factors affecting fish assemblages associated with gas platforms in the 503 
Mediterranean Sea. Journal of Sea Research 77:45-52. 504 
Costello M.J., et al. 2010. A census of marine biodiversity knowledge, resources, and future 505 
challenges. PLoS ONE 5(8):e12110.  506 
Danovaro, R., et al. 2008. Exponential decline of deep-sea ecosystem functioning linked to 507 
benthic biodiversity loss. Current Biology 18:1-8. 508 
Kark et al.                                        Conservation Biology Reviews 
22 
 
Danovaro, R., et al. 2014. Challenging the paradigms of deep-sea ecology. Trends in Ecology & 509 
Evolution 29:465-475. 510 
Davies, A.J., et al. 2007. Preserving deep-sea natural heritage: Emerging issues in offshore 511 
conservation and management. Biological Conservation 138:299-312. 512 
De Santo, et al. 2011. Fortress conservation at sea: a commentary on the Chagos marine protected 513 
area. Marine Policy 35:258-260. 514 
Ellis, J., et al. 2012. Discharged drilling waste from oil and gas platforms and its effects on benthic 515 
communities. Marine Ecology Progress Series 456:285-302. 516 
EPA. 2010. Methane and nitrous oxide emissions from natural sources. in U. S. E. P. Agency, 517 
editor, Washington, DC, USA. 518 
Esty, D., and A. Winston 2009. Green to gold: How smart companies use environmental strategy to 519 
innovate, create value, and build competitive advantage. John Wiley & Sons. 520 
Etkin, D.S. 1999. Historical Overview of Oil Spills from All Sources (1960–1998). International 521 
Oil Spill Conference Proceedings 1999:1097-1102. 522 
Fernandes, L., et al. 2005. Establishing representative no-take areas in the Great Barrier Reef: 523 
Large-scale implementation of theory on Marine Protected Areas. Conservation Biology 524 
19:1733-1744. 525 
Fewtrell, J.L., and R.D. McCauley. 2012. Impact of air gun noise on the behaviour of marine fish 526 
and squid. Marine Pollution Bulletin 64:984-993. 527 
Fisher, C.R. et al. 2007. Cold seeps and associated communities of the Gulf of Mexico. 528 
Oceanography 20(4): 68-79. 529 
Fisher, C.R., et al. 2014. Coral Communities as indicators of ecosystem-level impacts of the 530 
Deepwater Horizon Spill. BioScience 64:796-807. 531 
Flemming, D., and D. McCall. 2000. World Wildlife Fund and an Operating Company Partnership: 532 
Lessons Learned from Six Years of Collaboration in Biodiversity Protection. SPE 533 
Kark et al.                                        Conservation Biology Reviews 
23 
 
International Conference on Health Safety and Environment in Oil and Gas Exploration and 534 
Production. Society of Petroleum Engineers. 535 
Gagnon, L., et al. 2002. Life-cycle assessment of electricity generation options: The status of 536 
research in year 2001. Energy Policy 30:1267-1278. 537 
Game, E.T., et al. 2008. Planning for persistence in marine reserves: a question of catastrophic 538 
importance. Ecological Applications 18:670-680. 539 
 540 
Gobin, C., & G.A. da Fonseca 2014. Deep-sea protection: coordinate efforts. Science 344:1352-541 
1352. 542 
Goldman, R., et al. 2014. Oil spill contamination probability in the southeastern Levantine basin. 543 
Marine Pollution Bulletin. DOI:10.1016/j.marpolbul.2014.10.050 544 
Gordon, J., et al. 2003. A Review of the Effects of Seismic Surveys on Marine Mammals. Marine 545 
Technology Society Journal 37:16-34. 546 
Grech, A., et al. 2013. Guiding principles for the improved governance of port and shipping 547 
impacts in the Great Barrier Reef. Marine pollution bulletin, 75:8-20. 548 
Holdway, D.A. 2002. The acute and chronic effects of wastes associated with offshore oil and gas 549 
production on temperate and tropical marine ecological processes. Marine Pollution Bulletin 550 
44:185-203. 551 
Howarth R.W., et al. 2011 Methane and the greenhouse-gas footprint of natural gas from shale 552 
formations. Clim Change. 106:679–690. 553 
IEA 2013. World Energy Outlook. International Energy Agency, Paris, France. 554 
IMO. 2013. International Maritime Organisation. United Nations, United Kingdom, London.  555 
www.imo.org. 556 
Infield. 2013. Infield Energy Gateway GIS Mapping. 557 
Jackson, R.B. 2014. The integrity of oil and gas wells. Proceedings of the National Academy of 558 
Sciences, 111:10902-10903. 559 
Kark et al.                                        Conservation Biology Reviews 
24 
 
James, K.H. 2011. Continent below the oceans: how much and how far? The future for deepwater 560 
exploration (and geopolitics). Oil and Gas Journal, 109:44-53. 561 
Ji, Z.G., et al. 2011. Oil Spill Risk Analysis model and its application to the Deepwater Horizon oil 562 
spill using historical current and wind data. Pages 227-236. Monitoring and Modeling the 563 
Deepwater Horizon Oil Spill: A Record-Breaking Enterprise. AGU, Washington, DC. 564 
Jobstvogt, N., et al. 2014. Twenty thousand sterling under the sea: Estimating the value of 565 
protecting deep-sea biodiversity. Ecological Economics 97:10-19. 566 
Kark, S., et al. 2009. Between-country collaboration and consideration of costs increase 567 
conservation planning efficiency in the Mediterranean Basin. Proceedings of the National 568 
Academy of Sciences USA 106:15360-15365. 569 
Kark, S. et al. 2015. Cross-boundary collaboration: key to the conservation puzzle. Current Opinion 570 
in Environmental Sustainability, 12:12-24. 571 
Katsanevakis, S., et al. 2015. Marine conservation challenges in an era of economic crisis and 572 
geopolitical instability: The case of the Mediterranean Sea. Marine Policy 51:31-39. 573 
Khadduri, W. 2012. East Mediterranean Gas: Opportunities and Challenges. Mediterranean Politics 574 
17:111-117. 575 
Kingston, P. F. 2002. Long-term environmental impact of oil spills. Spill Science & Technology 576 
Bulletin, 7:53-61. 577 
Korngold, A. 2014. A better world, Inc.: how companies profit by solving global problems-where 578 
governments cannot. Palgrave MacMillan, NY. 579 
Kuo, C., & N. Fulton 2013. Minimising underwater noise impact from offshore activities. In SPE 580 
Offshore Europe Oil and Gas Conference and Exhibition. Society of Petroleum Engineers. 581 
DOI:10.2118/166552-MS 582 
Kvenvolden, K.A., and C.K. Cooper. 2003. Natural seepage of crude oil into the marine 583 
environment. Geo-Marine Letters 23:140-146. 584 
Kark et al.                                        Conservation Biology Reviews 
25 
 
Landman, N. H., et al. 2004. Habitat and age of the giant squid (Architeuthis sanctipauli) inferred 585 
from isotopic analyses. Marine Biology 144:685-691. 586 
Lester, S.E., et al. 2009. Biological effects within no-take marine reserves: a global synthesis. 587 
Marine Ecology Progress Series, 384:33-46. 588 
Levin, N., et al. 2013. Incorporating Socioeconomic and Political Drivers of International 589 
Collaboration into Marine Conservation Planning. BioScience 63:547-563. 590 
Loreau, M. 2008. Biodiversity and ecosystem functioning: the mystery of the deep sea. Current 591 
Biology 18:R126-R128. 592 
Maddahi, M., and S. J. Mortazavi. 2011. A Review On Offshore Concepts And Feasibility Study 593 
Considerations. SPE Asia Pacific Oil and Gas Conference and Exhibition. Society of 594 
Petroleum Engineers. DOI:10.2118/147875-MS 595 
Mazor, T., H.P. Possingham, and S. Kark. 2013. Collaboration among countries in marine 596 
conservation can achieve substantial efficiencies. Diversity and Distributions 19:1380-1393. 597 
Mazor, T., et al. 2014. The Crowded Sea: Incorporating multiple marine activities in conservation 598 
plans can significantly alter spatial priorities. PLoS ONE 9(8):e104489. 599 
McCauley, R.D., et al. 2000. Marine seismic surveys: a study of environmental implications. 600 
APPEA Journal:692-708. 601 
McCauley, R.D., J. Fewtrell, and A. N. Popper. 2003. High intensity anthropogenic sound damages 602 
fish ears. The Journal of the Acoustical Society of America 113:638-642. 603 
MacDonald, I.R., et al. 1989. Gulf of Mexico hydrocarbon seep communities. Marine Biology, 604 
101:235-247. 605 
Mendelssohn, I.A., et al. 2012. Oil impacts on coastal wetlands: implications for the Mississippi 606 
River Delta ecosystem after the Deepwater Horizon oil spill. BioScience 62:562-574. 607 
Mengerink, K.J., et al. 2014. A call for deep-ocean stewardship. Science, 344:696-698. 608 
Kark et al.                                        Conservation Biology Reviews 
26 
 
Merrie, A., et al. 2014. An ocean of surprises–Trends in human use, unexpected dynamics and 609 
governance challenges in areas beyond national jurisdiction. Global Environmental Change, 610 
27:19-31. 611 
Micheli F., et al. 2013. Setting Priorities for Regional Conservation Planning in the Mediterranean 612 
Sea. PLoS ONE 8(4):e59038.  613 
Moller, T.H., F.C. Molloy, and H.M. Thomas. 2003. Oil Spill Risks and the State of Preparedness 614 
in the Regional Seas. International Oil Spill Conference Proceedings 2003:919-922. 615 
 616 
Montagna P.A., et al. (2013) Deep-sea benthic footprint of the Deepwater Horizon blowout. PLoS 617 
ONE 8(8):e70540. doi:10.1371/journal.pone.0070540 618 
Muehlenbachs, L., et al. 2013. The impact of water depth on safety and environmental performance 619 
in offshore oil and gas production. Energy Policy 55:699-705. 620 
National Commission 2011. Deep Water: The gulf oil disaster and the future of offshore drilling. 621 
Report to the President. National Commission on the BP Deepwater Horizon Oil Spill and 622 
Offshore Drilling. 623 
Naylor, H. 2011. Vast gas fields found off Israel’s shores cause trouble at home and abroad. The 624 
National. http://www.thenational.ae/news/world/middle-east/vast-gas-fields-found-off-625 
israels-shores-cause-trouble-at-home-and-abroad#full.    626 
Neff, J.M. 2010. Fate and effects of water based drilling muds and cuttings in cold water 627 
environments. A Scientific Review prepared for Shell Exploration and Production Company, 628 
Houston, Texas. 629 
Norse, E.A., and J. Amos. 2010. Impacts, perception, and policy implications of the Deepwater 630 
Horizon oil and gas disaster. Environmental Law Institute, Washington, DC 40:11058-631 
11073. 632 
O'Hara, P.D., and L.A. Morandin. 2010. Effects of sheens associated with offshore oil and gas 633 
development on the feather microstructure of pelagic seabirds. Marine Pollution Bulletin 634 
60:672-678. 635 
Kark et al.                                        Conservation Biology Reviews 
27 
 
O'Rourke, D., and S. Connolly. 2003. Just oil? The distribution of environmental and social 636 
impacts of oil production and consumption. Annual Review of Environment and Resources 637 
28:587-617. 638 
OSPAR 2009. Assessment of impacts of offshore oil and gas activities in the North-East Atlantic. 639 
OSPAR Commission, London. 640 
Page, H.M., et al. 2006. Exotic invertebrate species on offshore oil platforms. Marine Ecology 641 
Progress Series, 325:101-107. 642 
Peterson, C.H., et al. 2003. Long-term ecosystem response to the Exxon Valdez oil spill. Science 643 
302:2082-2086. 644 
Peterson, C.H., et al. 2012. A Tale of Two Spills: Novel Science and Policy Implications of an 645 
Emerging New Oil Spill Model. BioScience 62:461-469. 646 
Pinder, D. 2001. Offshore oil and gas: global resource knowledge and technological change. Ocean 647 
& Coastal Management 44:579-600. 648 
Pitblado, R.M., et al. 2005. Consequences of liquefied natural gas marine incidents. Process Safety 649 
Progress 24:108-114. 650 
Portman, M.E. 2014. Regulatory capture by default: Offshore exploratory drilling for oil and gas. 651 
Energy Policy 65:37-47. 652 
Ramirez-Llodra, E., et al. 2010. Deep, diverse and definitely different: unique attributes of the 653 
world's largest ecosystem. Biogeosciences 7:2851-2899. 654 
Ramirez-Llodra, E., et al. 2011. Man and the Last Great Wilderness: Human Impact on the Deep 655 
Sea. PLoS ONE DOI:10.1371/journal.pone.0022588 656 
Rangi, B. 2014. Deepwater spend forecast to surge from 2016. Pipeline & Gas Journal, 241:122.  657 
Richardson, W. J., and B. Würsig. 1997. Influences of man‐made noise and other human actions on 658 
cetacean behaviour. Marine and Freshwater Behaviour and Physiology 29:183-209. 659 
Kark et al.                                        Conservation Biology Reviews 
28 
 
Rivas, G., et al. 2010. Alien invasive species: risk and management perspectives for the oil and gas 660 
industry. SPE International Conference on Health Safety and Environment in Oil and Gas 661 
Exploration and Production. Society of Petroleum Engineers, SPE 127132. 662 
Roy, D. 2012. Legal Continental Shelf: The Surprising Canadian Practice Regarding Oil and Gas 663 
Development in the Atlantic Coast Continental Shelf, The. Alberta Law Review 50:65-94. 664 
Ruckelshaus, M., T. Klinger, N. Knowlton, and D.P. DeMaster. 2008. Marine Ecosystem-based 665 
Management in Practice: Scientific and Governance Challenges. BioScience 58:53-63. 666 
Ruppel, C. 2011. Methane hydrates and the future of natural gas. MITEI Natural gas Report, 667 
Supplementary Paper on Methane Hydrates, Supplementary Paper #4, The Future of Natural 668 
Gas, MIT Energy Initiative study, 25 pp. 669 
Ruppel, C., Collett, T., Boswell, R., Lorenson, T., Buczkowski, B., & Waite, W. 2011. A new 670 
global gas hydrate drilling map based on reservoir type. Fire in the Ice, DOE NETL 671 
Newsletter, 11:13-17. 672 
Sandrea, R., & I. Sandrea. 2010. Deepwater crude oil output: How large will the uptick be? Oil & 673 
Gas Journal, 108:48-53. 674 
Short J.W., et al. 2007. Slightly weathered Exxon Valdez oil persists in Gulf of Alaska beach 675 
sediments after 16 years. Environmental Science & Technology 41:1245–1250. 676 
Shrivastava, P. 1995. Ecocentric management for a risk society. Academy of management review, 677 
20(1):118-137. 678 
Sink, K., & Attwood, C. 2008. Guidelines for offshore marine protected areas in South Africa. 679 
SANBI Biodiversity Series 9. South African National Biodiversity Institute, Pretoria. 680 
Skogdalen, J.E. & Vinnem, J.E. 2011. Quantitative risk analysis offshore-Human and 681 
organizational factors. Reliability Engineering & System Safety, 96:468–479. 682 
Sloan, E.D. 2003. Fundamental principles and applications of natural gas hydrates. Nature 683 
426:353-363.  684 
Kark et al.                                        Conservation Biology Reviews 
29 
 
Smith, C.R., et al. 2008. Biodiversity, species ranges, and gene flow in the abyssal Pacific nodule 685 
province: predicting and managing the impacts of deep seabed mining. International Seabed 686 
Authority, Kingston. 687 
http://www.isa.org.jm/sites/default/files/files/documents/techstudy3.pdf 688 
Snelgrove, P.V.R. & C.R. Smith. 2002. A riot of species in an environmental calm: the paradox of 689 
the species-rich deep-sea floor. In: Gibson, R., M. Barnes, & R. Atkinson (Eds). 690 
Oceanography and Marine Biology: an Annual Review 40:311-342. 691 
Sutherland, W.J., et al. 2012. A horizon scan of global conservation issues for 2012. Trends in 692 
Ecology & Evolution, 27:12-18. 693 
Taylor, P.M., et al. 2011. Oil spill preparedness and co-operation in the Caspian Sea and Black 694 
Sea: regional successes and lessons learned. International Oil Spill Conference Proceedings 695 
2011:abs216. 696 
Tollefson, J. 2012. Air sampling reveals high emissions from gas field. Nature 482:139-140. 697 
Tully, S.R. 2004. Corporate-NGO partnerships and the regulatory impact of the Energy and 698 
Biodiversity Initiative. Non-State Actors and International Law 4:111-133. 699 
UNEP. 2007. Deep-Sea Biodiversity and Ecosystems: A scoping report on their socio-economy, 700 
management and governance. 701 
USGS. 2013. United States Geological Survey’s (USGS) Earthquake Hazards Program. 702 
http://earthquake.usgs.gov/earthquakes/search/. 703 
Van Dover, C.L. 2011. Tighten regulations on deep-sea mining. Nature, 470:31-33. 704 
Van Dover, C.L., et al. 2014. Ecological restoration in the deep sea: Desiderata. Marine Policy, 705 
44:98-106. 706 
Van den Hove, S., & V. Moreau. 2007. Deep-sea Biodiversity and Ecosystems: A Scoping Report 707 
on their Socio-economy, Management and Governanace (No. 184). UNEP/Earthprint. 708 
VLIZ. 2012. Maritime Boundaries Geodatabase, version 6.1. Available at 709 
http://www.vliz.be/vmdcdata/marbound. 710 
Kark et al.                                        Conservation Biology Reviews 
30 
 
Voight, J.R. 2000. A deep-sea octopus (Graneledone cf. boreopacifica) as a shell-crushing 711 
hydrothermal vent predator. Journal of Zoology 252:335-341. 712 
Wagner, L.D., et al. 2007. Catastrophe management and inter-reserve distance for marine reserve 713 
networks. Ecological Modelling 201:82-88. 714 
Watts, M.E., et al. 2009. Marxan with Zones: Software for optimal conservation based land- and 715 
sea-use zoning. Environmental Modelling & Software 24:1513-1521. 716 
White, H.K., et al. 2012. Impact of the Deepwater Horizon oil spill on a deep-water coral 717 
community in the Gulf of Mexico. PNAS 109:20303-20308. 718 
Whittington, P.A. 2003. Rehabilitation of oiled African Penguins: a conservation success story. 719 
Cape Town: BirdLife South Africa and Avian Demography Unit, In: D. C., Nel and P. A., 720 
Whittington, eds. 8–17. 721 
Wiese, F.K., et al. 2001. Seabirds at risk around offshore oil platforms in the North-west Atlantic. 722 
Marine Pollution Bulletin 42:1285-1290. 723 
 724 
  725 
Kark et al.                                        Conservation Biology Reviews 
31 
 
Supporting Information  726 
Detailed examples of oil and gas operations in the Mediterranean Sea (Supplementary Information 727 
1) and The Congo Basin (Supplementary Information 2) are available online. Examples of 728 
collaborations between the oil and gas industry and conservation are included in Supplementary 729 
Information 3. The authors are solely responsible for the content and functionality of these 730 
materials. Queries (other than absence of the material) should be directed to the corresponding 731 
author. 732 
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Tables 734 
 735 
Table 1  736 
Glossary of Terms related to sovereignty and maritime jurisdictions 737 
 738 
UNCLOS The UN Convention on the Law of the Sea (UNCLOS), from December 1982, 
provides for the basic sovereign rights and duties of the coastal states and the 
international community of states in the ocean. 
Territorial 
waters 
Areas within 12 nautical miles from the baseline of a coastal state, where it 
exercises full sovereignty (UNCLOS Part II). 
Contiguous 
Zone 
In a zone contiguous to its territorial sea, within 12 further nautical miles, 
termed the Contiguous Zone, the coastal State may exercise the control 
necessary to prevent and punish infringement of its customs, fiscal, immigration 
or sanitary laws and regulations within its territory or territorial sea (Article 33 
of UNCLOS). 
Exclusive 
Economic 
Zone (EEZ) 
Coastal states can declare an exclusive economic zone, a region reaching up to 
200 nautical miles from the coastal baseline, in which nations have sovereign 
rights over all natural resources, but additionally, the responsibility for the 
conservation and management of the zone (Part V and Article 61 of UNCLOS). 
Continental 
Shelf 
According to UNCLOS, coastal states have sovereign rights to explore and 
exploit the continental shelf, which is set as far as 350 nautical miles from their 
baselines or, where it is more favorable to the coastal nation concerned, to 100 
miles beyond the 2,500-meter isobaths (Roy 2012; Article 76 of UNCLOS ). 
However, the boundary of the shelf itself is sometimes debated, and the extent 
of continental crust is still being explored, opening the floor to further debates 
around territorial claims (James 2011). 
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High Seas All parts of the sea or ocean that are not part of the exclusive economic zone, 
the territorial waters or the internal waters of a State, and are not part in the 
archipelagic waters of an archipelagic State. Usually refers to the water rather 
than to the seabed (Article 86 of UNCLOS). 
Areas Beyond 
National 
Jurisdiction 
(ABNJ) 
Areas Beyond National Jurisdiction (ABNJ), also known as high seas and 
international waters. Refers to the seabed and minerals therein (Part XI and 
Article 1 of UNCLOS). 
International 
Seabed 
Authority 
(ISA) 
The International Seabed Authority (ISA), an autonomous international 
organization established under UNCLOS, has jurisdiction over mineral 
resources in international waters. It has been recommended that conservation 
policies should become an integral part of international seabed regulation before 
the ISA grants the first exploration and mining licenses (Van Dover 2011). 
Convention on 
Biological 
Diversity 
(CBD) 
The Convention on Biological Diversity (CBD) was entered into force on 29 
December 1993. Its objectives are the conservation of biological diversity, the 
sustainable use of the components of biological diversity and the fair and 
equitable sharing of the benefits arising out of the utilization of genetic 
resources 
 
International 
Maritime 
Organization 
(IMO) 
The International Maritime Organization (IMO) is the United Nations’ 
specialized agency with responsibility for the safety and security of shipping 
and the prevention of marine pollution by ships. 
 739 
 740 
  741 
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Figure legend 742 
Figure 1 743 
An overview of marine oil and gas exploitation stages, from exploration to production and 744 
abandonment. Exploration often begins with a seismic survey, during which air guns are used as a 745 
sound-wave source to penetrate the rock layers and reveal their structure (A). Exploration drills are 746 
made at targets that have been identified in advance. The type of drilling rig will depend on both the 747 
water depth and underground target depth (B). When oil or natural gas is discovered, additional 748 
wells are often drilled to appraise reservoir size and quality. If the reservoir is proven to be 749 
economically feasible for further development additional drilling will take place. The wells are then 750 
connected via pipes to a production platform (which could be at a remote location) where gas, oil 751 
and water are separated and transported to other facilities. When the pressure in the well drops to a 752 
level where it is no longer economic to produce, the well will be blocked with cement, the area 753 
restored and then abandoned. Potential pollution sources range from noise pollution at the seismic 754 
survey to a range of other possible pollution sources at the drilling and production stages such as 755 
drilling fluids (drilling mud), cement used for casings, cuttings from extracted rock layers, oil and 756 
gas leaks, produced formation water and water in the condensed gas, and pollutants from the rig 757 
itself and the neighboring ships (C).  758 
 759 
*Drawing 1B was adopted with changes from the following source: 760 
http://oceanexplorer.noaa.gov/explorations/06mexico/background/oil/media/types_600.html 761 
Drawing C was adopted with changes from the OSPAR report (2009). 762 
  763 
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Figure 2 764 
 Oil and natural gas concession areas and active platforms in the Mediterranean Sea. Concession 765 
areas, existing oil and gas platforms, and offshore single point moorings (SPM) adopted data from 766 
Infield Offshore Energy Database (Infield 2013). Fig 2a shows the location of concessions areas 767 
and existing drilling with respect to the bathymetry and to marine boundaries of exclusive economic 768 
zones (source: VLIZ 2012). Fig 2b shows Mediterranean concessions in relation to recorded oil 769 
spills in the 35 years between Jan 1977 and July 2013 (n = 778; SI 1; IMO 2013). Fig 2c shows 770 
seismic activities (major earthquakes in the 20th century) and major faults in the Mediterranean in 771 
relation with oil and gas concessions (source of faults data: Asch 2003; source of earth quakes data: 772 
USGS 2013). Fig 2d maps the oil and natural gas concessions in relation to proposed conservation 773 
priority areas that were found to be in consensus between at least five proposed schemes (adopted 774 
from Micheli et al 2013). 775 
  776 
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Figure 2 782 
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Supplementary Information 1 785 
Oil and gas exploration in the Mediterranean Sea 786 
The Mediterranean Sea is a sensitive and unique enclosed basin (Coll et al 2012; Micheli et al 2013) 787 
shared by over 20 countries across three continents (Europe, Asia and Africa; Mazor et al. 2013, 788 
2014). The U.S. Geological Survey has estimated that the Eastern Mediterranean holds 345 trillion 789 
cubic feet (Tcf) of recoverable natural gas, 3.5 billion barrels of recoverable oil and six billion 790 
barrels of natural gas liquids (Schenk et al. 2010; Kirschbaum et al. 2010). The proximity of the 791 
Mediterranean Sea to the European market makes gas discoveries in this area commercially 792 
attractive (Belopolsky et al. 2012). Recent gas discoveries by Israel and Cyprus, including the large 793 
Leviathan Gas Field are estimated to contain a combined 980 Billion cubic meters (35 Tcf), and 794 
have spurred a flurry of exploration activities especially in the Eastern and Southeastern 795 
Mediterranean (Darbouche et al. 2012), as evidenced by the spatial distribution of the concessions 796 
(Fig. 2). In the Mediterranean, where vast natural gas fields have recently been discovered and are 797 
being developed at a rapid pace, 68% of 152 existing offshore natural gas and oil fields and 798 
approximately 75% of the 174 planned offshore fields lie beyond territorial waters (Pruett 2013; 799 
Infield 2013; Fig. 2a, SI 1). 800 
The present spatial distribution of drilling wells and of most concessions in the 801 
Mediterranean Sea is limited to shallow waters (Fig. 2a). However, with technological advances, 802 
offshore operations in the Mediterranean are expanding into deeper waters. While the spatial 803 
distribution of past oil spills may be more closely related to shipping routes and ports than to the 804 
location of drilling wells (Fig. 2b), some of the concessions are located in seismically sensitive 805 
areas, where there are higher risks of earthquakes (Fig. 2c). There are some alarming sites, 806 
especially in the Aegean and Ionian Seas, where oil operations must consider the seismic activity 807 
within their risk models. These areas are also of special importance to the Mediterranean monk 808 
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seals, which are a critically endangered endemic Mediterranean mammal and other species (IUCN 809 
2012). 810 
The Mediterranean Sea is considered one of the highest oil pollution risk regions (Martini & 811 
Patruno 2005). During the five-year period between 1999 and 2004, a total of 897 to 2,297 oil slicks 812 
were identified annually within the Mediterranean using remote sensing methods (Ferraro et al. 813 
2009). A total of 778 oil spills were recorded in the Mediterranean Sea in the 35 years between 814 
1/1977 and 7/2013 (IMO 2013; Fig. 2c). However, the level of oil-spill preparedness in this region 815 
for responding to oil spills is limited (Moller et al. 2003). While the probability of major oil spills is 816 
low, particularly since the recent Eastern Mediterranean discoveries are mostly of natural gas, such 817 
a spill could have major impacts. One should take note that beneath the large gas fields there are 818 
suspected oil fields and due to very high economic value the industry will attempt, sooner or later, 819 
to extract the oil (see Noble Energy Analyst Conference, 17 December 2013 for an illustration and 820 
plan for the suspected oil fields under the Leviathan gas field; 821 
http://www.nobleenergyinc.com/Operations/Eastern-Mediterranean-128.html). Negative impacts of 822 
oil spills may be even greater in the Mediterranean Sea, due to its enclosed structure, the 823 
development of multiple water desalination projects along the Mediterranean Coast (e.g., in Israel), 824 
the role of the Mediterranean Sea as a major transportation pathway for ships using the Suez Canal 825 
(Huijer 2005), and its deep isolated basins (Fig 2a). There is a range of preparedness plans for oil 826 
spills of Mediterranean Basin governments, and cross-boundary conflicts in part of the range and 827 
particularly in the eastern Mediterranean (Levin et al. 2013) that lead to difficulty in reaching 828 
relevant cooperative agreements, which could improve the readiness and preparedness of the 829 
eastern Mediterranean in the face of oil spills (Martini and Patruno 2005). Past reviews of oil spills 830 
from tankers identified the Mediterranean Sea as a global hotspot of oil spills (O’Rourke and 831 
Connolly 2003). The Mediterranean Sea provides a timely case study for examining the complex 832 
interactions and potential conflicts related to the newly discovered marine energy resources (e.g. 833 
Copinni et al 2011), located in an area of high seismic risks (Fig. 2c), and is an area of regional and 834 
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global biodiversity conservation priority (Fig. 2d), including deep sea corals (Taviani et al 2011), a 835 
range of threatened marine vertebrates (Kerem et al 2012; Dede et al 2012; Casale and 836 
Margaritoulis 2010; IUCN 2012) and unique habitats (e.g., sea mounts and canyons; Öztürk et al. 837 
2010, 2012).  838 
The new deep-water and ultra-deep-water explorations in the Mediterranean Sea (Fig. 1) 839 
have provided some of the best offshore global discoveries of natural gas in recent decades. The 840 
scarcity of data on the ecology and oceanography of the deep water of the Mediterranean (Levin et 841 
al. 2014) and the unknown impacts to biodiversity resulting from developing marine oil and natural 842 
gas operations challenge conservation efforts and environmental decisions. It is imperative that new 843 
findings within the Mediterranean of highly profitable oil and gas discoveries and their exploitation 844 
will be considered in due caution by all Mediterranean countries. Political threats and instability 845 
should also be included in future risk analyses in the conservation context. 846 
In general, recovery from disturbances in deep water is poorly understood (Gates & Jones 847 
2012). The magnitude of impact of extraction platforms and other operational infrastructure on 848 
marine ecosystems and biodiversity will depend on many factors, such as the habitat and ecological 849 
context and the distance from the platforms (Terlizzi et al. 2008; Gates & Jones 2012). The impact 850 
and response also largely depends on the focal taxon and group. For example, while arthropods 851 
were shown to be relatively resilient to disturbances (McCall & Pennings 2012), megabenthic 852 
assemblages have been estimated to regain more slowly post disturbance; and Jones et al. (2012). 853 
In the eastern Mediterranean marine border disputes between Lebanon and Israel, as well as 854 
between Cyprus and Turkey, have fuelled other conflicts between these countries (Shaffer 2011). 855 
Offshore exploitation of hydrocarbon reservoirs can in some cases motivate countries to declare 856 
their exclusive economic zones (EEZs). This momentum of EEZ declaration can be observed in 857 
recent years in the Eastern Mediterranean (also called the Levant). For example, Cyprus and Israel 858 
have recently reached an agreement on their maritime boundaries following the large offshore gas 859 
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discovery in Israel (Leviathan; the largest gas field found in the Mediterranean) (Wählisch 2011; 860 
EIA 2013). The prospect of joint exploration of oil and gas reserves between Cyprus and Israel 861 
enhances socio-economic relations (Shaffer 2011). As suggested by Buszynski and Sazlan (2007), 862 
cooperation arrangements between national companies with regards to joint exploration, drilling 863 
and production, even when maritime claims are not settled, may lead to socio-political ties that in 864 
turn may enhance conservation collaborations. Eventually, such cooperation may advance between-865 
country and cross-boundary collaboration in conservation and environmental efforts (Levin et al. 866 
2013, Kark et al. 2015), which can be examined and leveraged by the conservation community early 867 
in the policy-shaping process. 868 
Along with recent oil and natural gas exploration, local and regional marine conservation 869 
initiatives are also growing in the Mediterranean Sea. These initiatives are mostly in the form of 870 
creating marine protected areas networks at both national and regional scales with currently only 871 
one trans-boundary park in the Mediterranean Sea beyond territorial waters (Levin et al 2013, 872 
Micheli et al. 2013). However, only few large-scale conservation initiatives (see Table 2 in Micheli 873 
et al. 2013) have explicitly considered the negative impacts of oil and gas exploration and how they 874 
may overlap with conservation priorities and conservation objectives,. The overlap between oil and 875 
gas exploration and exploitation concession areas and priority conservation areas (selected by five 876 
or more initiatives, as shown in Fig. 2d, see Micheli et al. 2013) covers nearly 130,000 km2, equal 877 
to 17% of the total size of the concession areas, and to 27% of the total size of the priority 878 
conservation areas (Fig. 2d). When examining whales and dolphins high priority areas such as the 879 
areas suggested by ACCOBAMS (in 2010) we find that 12% of these areas are within oil and gas 880 
exploration concession areas. Future work in the Mediterranean Sea would benefit from 881 
incorporating emerging oil and gas plans into conservation prioritization and understanding how the 882 
threats could be minimized while leveraging emerging prospects for conservation. 883 
 884 
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Supplementary Information 2  885 
Long-term conservation investments in Congo Basin Coast 886 
The Congo Basin Coast region represents one of the most biologically diverse areas on Earth 887 
(Alonso et al. 2006), where the beaches shelter the world’s largest nesting population of leatherback 888 
sea turtles and its waters provide habitats for whales, manatees and dolphins, including the highly 889 
endangered humpback dolphin (wcs.org/saving-wild-places/ocean/Congo-basin-coast-seascape). 890 
Coastal mangroves serve as a spawning ground for a variety of fish and adjacent forests, still 891 
relatively pristine, are home to many large mammals, such as elephants, gorillas, leopards, buffalo, 892 
and chimpanzees, many of which are threatened with extinction in Gabon 893 
(quandl.com/WORLDBANK/GAB_EN_MAM_ THRD_NO-Gabon-Mammal-species-threatened).  894 
The region also provides several examples of ongoing collaborations between international 895 
conservation non-governmental organizations (NGOs) and the oil and gas industry. For example, 896 
the Gabon Biodiversity Program is a partnership between the Smithsonian Conservation Biology 897 
Institute, Shell Gabon and other stakeholders, and additional site-specific projects are led by the 898 
Wildlife Conservation Society (WCS), a large global non-governmental organization, in 899 
collaboration with a number of international energy companies (e.g., Tullow Oil, Total-Gabon, 900 
Shell-Gabon, Perenco, and Vaalco). One of the earliest offshore collaborations in this region was 901 
between WCS and Angola Liquefied Natural Gas (consisting of Chevron, Total, BP, and Sonogol) 902 
in 2006, which allowed for a major assessment of the status of Angola’s marine mammal and 903 
marine turtle populations in the near shore and deep-water offshore environments, in part by using 904 
expensive marine autonomous recording units (Maruca et al. 2012). One of the project’s early 905 
successes was the protection of turtle nests. On the Sereia Peninsula, animal and human predation 906 
of sea turtles decreased from 54% of affected nests during the 2007-2008 breeding season to 19% in 907 
2008-2009 (ipieca.org/topic/biodiversity/biodiversity-case-studies/angola). 908 
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In July 2012, WCS signed an agreement with the British oil company Tullow Oil, the 909 
biggest license holder in Africa which has interests in 15 African countries. The aim of this 910 
agreement was to establish the first comprehensive marine environmental research and oil industry 911 
no-net loss of biodiversity and offset program in the Congo Basin Coast (CBC) region of Africa, 912 
specifically the ocean and coastal areas of Gabon, Congo and Equatorial Guinea. Using the 913 
mitigation hierarchy framework (The Business and Biodiversity Offsets Programme 2012), the 30-914 
month project was designed to respond to two interrelated conservation challenges in the coastal 915 
and offshore environments of the Congo Basin Coast: 1) the potential threats to the critical habitats 916 
of cetaceans and other large and often highly migratory marine wildlife from ongoing oil and gas 917 
exploration, development and production and 2) regional oil spill preparedness and response, which 918 
includes building the capacity of individuals and institutions working at species, ecosystem, 919 
community, institutional, and societal levels in the region. 920 
The nations of the Congo Basin Coast are rapidly expanding trade and intensifying their 921 
natural resource extraction activities along the entire coastline, posing serious challenges for its 922 
globally important biodiversity. For example, in Gabon, the upstream oil industry plays a critical 923 
role in the national economy, representing approximately 90% of the country’s export revenues and 924 
nearly 56% of its GDP (International Monetary Fund 2011). Nevertheless, the President of Gabon 925 
recently declared Gabon Bleu, an effort to both establish a large network of marine protected areas 926 
and reform fisheries, as the fourth pillar of his country’s Plan d’Emergence. To support this 927 
Presidential initiative, the project has three primary objectives: 1) to gather, evaluate, and make 928 
available verified baseline biodiversity, socioeconomic, and land/sea-use data to guide decision 929 
making and support the achievement of positive gains in biodiversity and natural resource 930 
conservation from Tullow’s and other extractive activities in the region, 2) to design and develop 931 
land- and marine resource-use planning mechanisms and transparent stakeholder engagement tools 932 
to enhance the capacity to deliver programs that ensure positive conservation outcomes; and 3) to 933 
design and implement long-term programs that demonstrate how to mitigate current adverse 934 
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impacts, if any, deliver positive conservation results, and preempt risks to biodiversity and 935 
livelihoods. This includes measures to offset and compensate for residual impacts. The project has 936 
provided the shared foundation for both industry engagement in conservation and the integration of 937 
conservation goals directly into the operational activities of the company and has already had 938 
several practical conservation outcomes. For example, in 2013, the schedule for drilling two of 939 
Tullow’s exploratory wells began to slip into sea turtle nesting season. In collaboration with WCS, 940 
the company responded in two ways. They incorporated into their operational budget the costs of 941 
helping to determine whether their activities, both the current exploratory activities as well as future 942 
development and production activities, might impact the threatened and little understood Olive 943 
Ridley turtle (Lepidochelys olivacea). By incorporating the costs of this research into their 944 
operations, Tullow, and subsequently their partners, acknowledged to their shareholders that 945 
determining these impacts was essential to their core business. Second, Tullow modified the plans 946 
for their exploratory wells on the advice of WCS scientists (J. Polsenberg, pers. comm.). Although 947 
the company lost some benefits from a geological point of view, Tullow allowed that the changes, 948 
which in the event of an oil spill would provide more time to stop spilled oil from hitting these 949 
crucial beaches during nesting season, far outweighed any advantage that may have accrued from 950 
their original plans (J. Polsenberg, pers. comm.).  951 
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Supplementary Information 3 952 
In this section, we provide several examples of joint efforts that incorporate conservation 953 
considerations into marine hydrocarbon industry practices.  954 
Examples of industry-conservation collaborations and initiatives 955 
The International Association of Oil and Gas Producers (OGP) produced a document aimed at 956 
highlighting the benefits of effective environmental monitoring programs (OGP 2012). However, 957 
the report defines the marine environment as only the water column and the sediment compartments 958 
seaward of the intertidal zone (OGP 2012). By its own admission, it does not include monitoring of 959 
beach or other onshore zones or the impacts from seismic operations and oil spills. Such monitoring 960 
should ideally be done by independent conservation experts and scientists rather than by the oil and 961 
gas companies. 962 
The World Ocean Council, a new international cross-sectoral industry alliance on Corporate 963 
Ocean Responsibility designed to bring together leaders from across ocean industries, is supporting 964 
a fledgling program entitled “Smart Ocean/Smart Industries” (SO/SI). Its stated purpose is to 965 
engage operators to coordinate their various platforms (ships, rigs, ROVs) into an integrated 966 
network for ocean observation. It is likely that such cross-sectoral consortia, will need to be 967 
established in order to initiate substantial and meaningful industry contributions toward monitoring 968 
and environmental science. However, given they are industry-led and voluntary, it is unlikely that 969 
the main focus will be on monitoring potential biodiversity impacts from industrial activities. 970 
Conservation scientists, NGOs and governmental units working in the conservation realm could 971 
help advance the inclusion of potential biodiversity impacts and monitoring as focus of such efforts 972 
(see detailed example from The Congo Basin, West Africa in SI 2). 973 
In 1965, the US enacted the Land & Water Conservation Fund (LWCF Public Law 88-578 974 
Title 16). Its stated purposes are “to assist in preserving, developing and assuring accessibility to 975 
outdoor recreation resources and to strengthen the health and vitality of U.S. citizens by providing 976 
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funds and authorizing federal assistance to states in planning, acquiring and developing land and 977 
water areas and facilities, and by providing funds for federal acquisition and development of lands 978 
and other areas”. Funds are collected primarily from oil and gas activities on the outer continental 979 
shelf, and the annual income to the fund is currently set at a minimum of $900 million. While the 980 
LWCF is not designed to directly offset harms that may be associated with offshore oil and gas 981 
activities, the funds are strictly intended for the purpose of conservation and natural-area recreation 982 
activities. 983 
In direct response to the damages caused by oil spills, the US currently mandates a Natural 984 
Resources Damages Assessment to calculate the costs, which become the responsibility of the 985 
offending party, of “damages to, destruction of, or loss of natural resources resulting from a 986 
discharge of oil or release of a hazardous substance” (Comprehensive Environmental Response, 987 
Compensation, and Liability Act of 1980, 42 United States Code 103 and the Oil Pollution Act of 988 
1990). In addition, following the BP Deepwater Horizon spill, the United States enacted in 2012 the 989 
RESTORE Act, which designates a portion of the legal fines that would be levied against the 990 
companies responsible for the spill toward, in part, the restoration of the environment and economy 991 
of the Gulf of Mexico Coast region. In the case of the RESTORE Act, the restoration and economic 992 
activities does not need to be directly associated with the damages caused by the Deepwater 993 
Horizon spill alone but could also be used to address decades of impacts caused by the long history 994 
of offshore oil and gas activities in the region. 995 
In recent decades, several collaborative initiatives have been established around the world. 996 
Norway has registered a range of collaborations between the industry and environmental scientists 997 
through the years. Armstrong and van den Hove (2008) present a chain of events leading from the 998 
capture of the first photos of cold water corals by a Norwegian oil company (Statoil) in 1982, 999 
through the company’s decision to bypass coral reefs while laying their pipelines, to the eventual 1000 
conservation of cold water corals largely via government closures to bottom trawling. These actions 1001 
form part of a Biodiversity and Ecosystem Services Working Group set up by the International 1002 
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Petroleum Industry Environmental Conservation Association (IPIECA) and the International 1003 
Association of Oil and Gas Producers (OGP). The group’s declared goal is to increase awareness 1004 
about biodiversity in the petroleum industry and to develop guidelines and tools to preserve 1005 
biodiversity. They participate in the “Scientific and Environmental ROV Partnership using Existing 1006 
iNdustrial Technology” (SERPENT) program (http://www.serpentproject.com/) whereby remotely 1007 
operated underwater vehicles (ROVs) for subsea installations are also used for mapping and 1008 
monitoring activities (Jones 2009). The SERPENT program was first implemented in 2002 (Hudson 1009 
et al., 2005) and focuses on two major research areas, including (i) deep-sea biodiversity and 1010 
ecosystem functioning and the assessment of disturbances and (ii) recovery from activities of the 1011 
hydrocarbon industry. Expanding the collaborations between the industries that exploit deep-sea 1012 
resources and marine science may be key for significantly advancing our knowledge on the oceans. 1013 
The Energy and Biodiversity Initiative (EBI; http://www.theebi.org/) was formed by energy 1014 
companies (BP, ChevronTexaco, Shell, Statoil) and conservation organizations (Conservation 1015 
International, The Nature Conservation, Fauna & Flora International, Smithsonian Institute, IUCN), 1016 
aiming to develop and promote biodiversity conservation practices, so as to integrate biodiversity 1017 
conservation into oil and gas development. This partnership, which began in 2001 and ended in 1018 
2007, is an example for establishing dialogue and trust between the business and conservation 1019 
communities on controversial questions such as mining. The partnership has produced practical 1020 
guidelines, tools and models to improve the environmental performance of energy operations, 1021 
minimize harm to biodiversity, and maximize opportunities for conservation wherever oil and gas 1022 
resources are developed. The partnership has produced practical guidelines, tools and models aimed 1023 
to improve the environmental performance of energy operations, minimize harm to biodiversity, 1024 
and create opportunities for conservation where oil and gas resources are developed (Tully 2004). 1025 
An additional example for such collaboration is the Joint Industry Programme (JIP, members of 1026 
which include for example BP, Chevron and Santos), supporting research to increase our 1027 
understanding regarding the effects of sound generated by oil and gas exploration and production 1028 
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activity on marine life (http://soundandmarinelife.org/). Organizations such as the Global Oil and 1029 
Gas Industry Association for Environmental and Social Issues aim to collaborate with biodiversity 1030 
conservation efforts by initializing plans such as the biodiversity action plan (BAP), a set of actions 1031 
that they declare as intended to lead to the conservation or enhancement of biodiversity 1032 
(http://www.ipieca.org/). In some cases contributions arise following major oil spill incidents, for 1033 
instance BP’s $500 million grant for research on the effects of oil pollution on the environment, 1034 
which was provided following the BP/Deepwater Horizon Disaster (Schrope 2011). 1035 
A review and evaluation of the effectiveness of a range of collaborative industry-science-1036 
conservation programs would comprise a useful step towards determining the importance and 1037 
optional structures of such efforts in the future and towards better incorporation of conservation into 1038 
the wide ranging marine and terrestrial fossil fuel extraction activities. 1039 
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